The metabolism of ethanolamine and its derivatives in Lemna paucicostata has been investigated, with emphasis on the pathway for synthesis of phosphoethanolamine, a precursor of phosphatidylcholine in higher plants. In experiments involving labeling of intact plants with radioactive serine, ambiguities of interpretation due to entry of radioactivity into methyl groups of methylated ethanolamine derivatives were mitigated by pregrowth of plants with methionine. Difficulties due to labeling of diacylglyceryl moieties of phospholipids were avoided by acid hydrolysis of crucial samples and determination of radioactivity in isolated serine or ethanolamine moieties. The results obtained from such experiments are most readily reconciled with the biosynthetic sequence: seine --ethanolamine --phosphoethanolamine phosphatidylethanolamine. A possible altemative is: serine phosphatidylserine -. phosphatidylethanolamine -i ethanolamine --phosphoethanolamine. Cell-free extracts of L. paucicostata were shown to produce CO2 from the carbon originating as C-1 of serine at a rate sufficient to satisfy the demand for ethanolamine moieties. A number of experiments produced no support for a hypothetical role for phosphoserine in phosphoethanolamine formation. Uptake of exogenous ethanolamine commensurately down-regulates the synthesis of ethanolamine moieties (considered as a whole, and regardless of their state of derivatization at the time of their formation). In agreement with previous observations, uptake of exogenous choline down-regulates the methylation of phosphoethanolamine, without being accompanied by secondary accumulation of a marked excess of ethanolamine derivatives.
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findings bring to the fore the question of the biosynthetic origin in higher plants of P-EA, a compound crucial to initiation of each of these metabolic pathways. One route to P-EA, each of the component steps of which has been demonstrated in higher plants, involves the decarboxylation of PtdSerine:
PtdSerine --PtdEA + CO2 (reaction 1)
PtdSerine decarboxylase activity has been demonstrated in extracts of spinach leaves, chiefly in the 100,000g supernatant fraction (26, 27) . When coupled with a base-exchange reaction (an activity demonstrated in endoplasmic reticulum from castor bean [28] ): serine + PtdEA -* PtdSerine + EA (reaction 2) a cycle can be established, the net effect being to convert serine to EA (4):
serine -* EA + CO2 (reaction 3)=(1)+(2) During the operation of this cycle there is no net synthesis or consumption of phosphatidyl compounds. Net synthesis of PtdSerine, which could provide the starting point for the above cycle, can be carried out by the combined actions of phosphatidatecytidylyltransferase [reaction (4) PtdEA is a major phospholipid of higher plants (30, 32) and an ethanolamine-phosphotransferase capable of catalzying reaction 9 is well known (25, 29, 30) . However, the cytidylyltransferase catalyzing reaction 8 has been mentioned only very briefly as present in enzyme preparations from carrot root (20) , and subsequent attempts in at least two laboratories to demonstrate this activity in extracts of higher plants were unsuccessful (25) (26) (27) . Radiolabeled EA is incorporated into PtdEA (1 1, 26, 27, 33, 38, 39) . In certain systems, the characteristics of this incorporation are such that it was concluded that some or all of it occurred by base exchange (26, 27, 38) , for example, reaction 2 (proceeding from right to left as written above). On the other hand, other authors have concluded that in their systems most net synthesis of PtdEA is likely to occur via the CDP-EA pathway (see, for example ref. 11 and papers cited there). Compatible with the operation of this pathway, Kinney and Moore (22) 8 and 9 would, of course, depend upon the availability ofEA and/or P-EA formed by one ofthe pathways discussed above.
To resolve some of these uncertainties about EA metabolism, we have carried out labeling experiments with radioac-I Although the kinetics of labeling of CDP-EA and PtdEA in these experiments make it unlikely, the possibility was not completely excluded that labeled CDP-EA was formed not by reaction 8, but by reversal of reaction 9. The cholinesphosphotransferase activity catalyzed by microsomes of safflower cotyledons is reversible (37) . Although data on reversibility of the ethanolaminephosphotranferase or higher plants has not been reported, both the choline-and the ethanolaminephosphotransferases of animal tissues (16, 19) and yeast (35) are reversible.
tive serine and intact Lemna and sought for the decarboxylation of serine and of P-serine. Further (9) and has a wet weight of 509 jig (6) .
Chemicals
Sources or methods of preparation of most compounds have been specified (7, 8, 32, 33) . 
Degradation of Serine with Periodate
To help confirm the identity of various preparations of serine, and the localizations of radiolabels, each preparation was treated with periodate for 1 min at 0°C under the conditions previously described for threonine (15) . The products formed from serine, i.e. formaldehyde (from C-3) and glyoxylic acid (from C-1 and C-2), were recovered in the combined flow-through and water wash from a small column of Dowex 50-H+ (15) . Radioactivity in the latter fraction was determined by counting an aliquot, and the portion of radioactivity which was nonvolatile was determined by counting another aliquot after it had been taken to dryness at room temperature and pressure. (In contrast to the procedure for threonine (15) mg P205 was added. The tubes were sealed and stored at room temperature for 48 h. The contents were dissolved in 25 mL cold H20. Analytical electrophoresis of aliquots at pH 7.0 (31) for 55 min revealed that 34 to 37% of the radioactivity in each preparation had been converted to material which moved 20 to 22 cm toward the positive pole, traveling with authentic P-serine (located by ninhydrin staining), and sepa-rating from authentic serine which remained near the origin under these electrophoretic conditions. Each preparation was passed onto a column of Dowex 1-formate (1.5 x 3 cm) which was washed with water to a total volume of flow-through plus washes of 46 mL. This fraction contained unreacted radioactive serine. The columns were then eluted with 25 mL 1 N formic acid. Most of the P-serine was recovered in this eluate (overall yields 20-27% of starting radioactivity), whereas inorganic phosphate was retained on the columns (as shown by colorimetric analysis [12] ). The 1 N formic acid eluates were lyophilized to dryness, and the residues dissolved in small volumes of water. Analytical electrophoresis of aliquots revealed in each preparation a single major radioactive peak (i.e. containing at least 92% of the total radioactivity) with the electrophoretic mobility of authentic P-serine.
Decarboxylation with N-Bromosuccinimide
To further determine what portions of the total radioactivities of the original L-(U-'4C]serine and of the synthesized ['4C]P-serine were in the carboxyl carbons, an aliquot of each was subjected to decarboxylation with N-bromosuccinimide, essentially as described by Greenstein and Winitz (17 
Uptakes
Initial rates of uptake of P-serine were measured over 5 to 20 min periods as described (6) . Other Methods Chromatographic systems and solvents previously designated as A through E were used as described (32) of radioactivity in particular compounds which had been subjected to several sequential purification steps have been described (7, 8, 31, 32 ,32P]GP-EA was assumed to have come into isotopic equilibrium) were used to calculate the "'C specific radioactivity (dpm/nmol) of the ['C,`2P]GP-EA.
Protein Serine
Washed chloroform-methanol-insoluble pellet equivalent to 298 fronds was deesterified with cold 0.1 N KOH (to remove methyl ester groups) and extracted with 5% TCA at 900C (to remove nucleic acids) (31) . The resulting pellet was acid hydrolyzed with mercaptoethanesulfonic acid under N2 (14) in the presence of a known amount of L-[G-3H]serine (to facilitate tracking of the serine). The soluble portion of the hydrolysate was passed through a column of Dowex 50-H+ (1.5 x 5.0 cm) which was washed with water to a total volume of 150 mL. Amino acids were eluted with 30 mL 3 N NH40H. This eluate was lyophilized and chromatographed preparatively with solvent B. Serine moved as a single peak of 3H. This peak was eluted and chromatographed with solvent H (to remove threonine). The peak of 3H was again eluted and treated with mercaptoethanol (13) to reduce to methionine any methionine sulfoxide which might be present. (The latter compound would have traveled with serine in the procedures used.) The treated material was chromatogaphed with solvent G (containing 0.068% mercaptoethanol, v/v). This procedure separated a small peak of ['4C]methionine from a major peak of [3H,'4C]serine. The latter was eluted. To confirm its radiopurity, an aliquot was tested for sensitivity to periodate (15) . After treatment with this reagent 96.1% of the 3H and 93.2% of the '4C no longer adhered to Dowex 50-H+. The serine content of a second aliquot was determined by automated amino acid analysis. The ratio of "'C to serine (corrected for the very small impurity of "'C indicated by the results of the periodate degradation) gave the specific '4C radioactivity of the protein serine.
Enzymic Decarboxylase Assays
To assay the rate of production of CO2 from carbons originating as the carboxyl group of either serine or P-serine, Lemna plants were homogenized in a medium containing Tris (pH 7.4), 0.01 M, MgCl2, 0.3 mm, and sucrose, 0.32 mM. Aliquots of the resulting brei (or extracting buffer) to a combined total of 0.01 mL (equivalent to up to 6.5 fronds), together with potassium Hepes buffer (pH 7.8), 15 umol, pyridoxal phosphate, 0.2 ,umol, and radiolabeled substrate (as indicated in the individual experiments) were incubated in a final volume of 0.15 mL, with shaking, at 30C for 60 min in a 17 x 60 mm short style shell vial (Kimble) fitted with a sleeve type serum stopper (AH Thomas) and CO2 collection cup as described under "Decarboxylation with N-Bromosuccinimide." To terminate the reaction, O.1 mL NaHCO3, 0.01 M, was injected, followed by 0.1 mL H2S04, 0.5 M, and C02 was collected during incubation, with shaking, for a further 40 min.
RESULTS

Labeling of Intact Lemna with Radioactive Serine Preliminary Experiments and Demonstration that Pregrowth in Methionine Selectively Decreases the Labeling of Methylated Compounds
Plants growing in standard medium were labeled for 120 min with L-[G-3H]serine. At the end of the incubation major portions of the radioactivity were found in soluble serine and protein serine (Table I , left column). The serine moiety of PtdSerine, the EA moiety of PtdEA, as well as EA and P-EA became labeled, but the amounts of radioactivity in each were relatively low. The methylated derivatives of P-EA which are intermediates on the pathway to PtdCho, and PtdCho itself, also contained radioactivity. Two difficulties had to be dealt with before the labeling patterns could be interpreted in terms of the flow of serine carbons into the network of EA derivatives. First, in this experiment, and in other similar ones, after acid hydrolysis of the fraction containing the combined PtdSerine and PtdEA peak of radioactivity, as much as 30 to 65% of the total radioactivity was found neither in serine nor EA, indicating that major amounts ofradioactivity originating in serine were entering the fatty acid and/or the glycerol portions of the phospholipids. The total radioactivity in such compounds which had not been hydrolyzed (for example PtdCho in the present experiment) might then be located substantially, perhaps even predominantly, in the nonbase portions of the molecule. Second, substantial radioactivity was found in soluble methionine and protein methionine, and in compounds known to contain a methyl group derived from methionine (pectin methyl ester and neutral lipid [31] ), strongly indicating that label was being incorporated into the methyl group of methionine and that methylated derivatives of EA might therefore be labeled either in the EA or the methyl moieties.
To mitigate the latter problem, plants were pregrown for several doublings in 2 sM methionine. This concentration has minimal effects on growth rate, but plants so grown have a major decrease in the rate of de novo synthesis of methionine, and a greatly expanded tissue pool of soluble methionine which traps radioactivity entering the methyl group of this amino acid (14) . Pregrowth in methionine brought about two general sorts of changes in the labeling pattern (Table I , right column): (a) Unexpectedly, there was an increase in the proportion ofthe total tissue radioactivity recovered in soluble serine, accompanied by moderate decreases in radioactivity in protein serine, in the serine moiety of PtdSerine, and in EA, P-EA, and the EA moiety of PtdEA, combined. These results suggest that pregrowth in methionine had caused an expansion of the pool of soluble serine with a consequent delay in the transfer of radioactivity to compounds formed from this pool. In agreement, amino acid analyses showed that the soluble serine pool was 0.29 nmol/frond in plants grown in standard medium, 0.45 nmol/frond in plants grown in 2 uM methionine. (b) In accord with the expected effects of growth in methionine (14) , there was an increase in the proportion of radioactivity recovered in soluble methionine and very marked decreases in radioactivity in protein methionine, S-methylmethionine, pectin methyl ester, and neutral The rate at which Lemna forms EA (for this purpose considering EA and its derivatives as a whole, regardless of whether the EA was in the form ofthe phosphatidyl-, the freebase, or the phospho-derivative at the moment of its formation), and the effect of growth in exogenous EA on this rate were examined by isotope dilution experiments. Lemna cultures were grown for several generations in the presence of a range of constant concentrations of [1,2-'4C]EA of known specific activities. At the end of such growth, the specific radioactivities of the tissue samples of PtdEA were measured. The rationale of this type of experimental design has been discussed in detail elsewhere (33) . In brief, the specific radioactivity ofthe tissue PtdEA will be decreased below the specific radioactivity of the ['4C]EA taken up from the growth medium to the extent that endogenous synthesis of EA occurs (33) .
U(M -T) T
where S = synthesis of EA (nmol/frond -doubling); U = uptake of EA from the medium (nmol/frond -doubling); M = specific activity of medium EA (dpm/nmol); T = specific activity of a tissue EA-containing compound (dpm/nmol). ' Calculated using EA uptake based on removal of 14C from medium. 9 Not calculated. See footnote b, above.
h Calculated using EA uptake based on total 14C content of tissues. The 14C contents of the tissue EA derivatives were determined after purification of the individual compounds as described (33) . In some instances (specified in the table) the methylated derivatives of P-EA (or of EA) were measured as groups only, without further separation from one another.
[ relative to that of L-serine itself (770 nl/frond min [6] ). Paper chromatography (solvent B) or electrophoresis at pH 7.0 of aliquots of the methanol-water-soluble fractions showed that all of the tissue radioactivity moved with serine, none with Pserine. It was concluded that P-serine was either taken up very slowly, then rapidly hydrolyzed in the plants, or that the observed uptake was chiefly of serine present as a minor contaminant.
Failure to Detect Formation of P-Serine
Three experiments were carried out to attempt to detect the formation of radiolabeled P-serine by Lemna plants: (a) after labeling for 120 min with [G-3H]serine (Table I, internal marker of the radiolabeled P-serine. In the most sensitive case (experiment c) by use of the specific radioactivity of the 32Pi in the growth medium it was calculated that there had been less than 2 picomole of [32P]P-serine per frond.
Lack of a Major Contribution to PtdEA Synthesis by a Pool of P-Serine Metabolically Inaccessible to Serine
A possibility not ruled out by the above experiments is that P-serine is formed from P-glycerate, but not from serine. If the pool of P-serine were very small, yet turned over sufficiently rapidly, it might make a major contribution to the synthesis of P-EA, then of PtdEA, without being detected by the 32P-labeling experiments described above. To examine this possibility, Lemna were grown to isotopic equilibrium in the presence of a tracer concentration of [3-'4C] serine and the specific radioactivity ofprotein serine was compared with that of PtdEA (see "Materials and Methods"). If a pool of P-serine with the postulated properties existed, the specific radioactivity of PtdEA should be diluted below that of protein serine. The measured '4C specific radioactivity of the protein serine was 205 dpm/nmol; that of the PtdEA, 141 dpm/nmol, or 69% of the specific radioactivity of the protein serine. This difference is judged not to be large enough to be clearly outside of experimental error.
Production by Cell-Free Extracts of CO2 from the Carbon Originating as C-1 of Serine Lemna breis prepared in a Tris, sucrose, and MgCl2 containing homogenizing medium ("Materials and Methods") catalyzed the formation of "'CO2 form L-[U-"'C]serine. A brei prepared in 0.01 M Tris (pH 7.4) only, contained almost as much of this catalytic activity. With the brei prepared in the Tris, sucrose, MgCl2 medium, most ofthe activity was present in the supernatant fraction after centrifugation at 48,000g for 15 min. The activity was recovered in good yield after gel filtration of such a supernatant fraction through Sephadex (34) equilibrated with the same extracting medium, or after freezing either the brei or the supernatant fraction overnight at -80°C. Under the standard assay conditions (and with 4.8 gM L-[U-"'C]serine) the rate of "'CO2 formation was linear with time up to 90 min and proportional to enzyme up to at least four frond equivalents. The rate was optimal at pH 7.8. Some effects of variation in the serine substrate are reported in Table V (Table VI) . Mixing either of these breis with control brei during the assay was also without inhibitory effect. Addition to the reaction mixture of either Cho up to 27 Mm, EA up to 20 Mm, P-Cho up to 11 Mm, or P-EA up to 49 gM did not markedly affect the rate at which control brei produced "'CO2 with L-[U-"4C]serine, 4.8 gM, as the original substrate (data not shown). These concentrations were selected to be at least two times, or more, higher than the amounts carried over into the assays of breis prepared from plants pregrown in Cho or EA. (Table VI) . The brei assayed was prepared in the Tris, sucrose, MgCl2-containing medium described in "Materials and Methods." 
DISCUSSION
During the present work we have labeled Lemna plants maintained under their normal growth conditions with radioactive serine and followed the time course of the entry of radiolabel into PtdSerine and into various EA derivatives, whether present as free bases, phospho-bases, or phosphtidyl bases. J. B. Mudd (30) has emphasized that, "Serine is a rather unsatisfactory phospholipid precursor because its different pathways of metabolism can label the phospholipids in different ways." In the investigations described here, it was desired to focus on the labeling of the serine moiety of PtdSerine and of the EA portions (but not the methyl groups) of any compound containing the EA moiety. In accord with the expectations expressed by Mudd (30) , we found that phospholipids became strongly labeled, not only in these locations, but also in their diacylgyceryl portions, as well as in the methyl groups of methylated EA-containing bases (Table I ). The labeled methyl groups in question presumably flowed by well-known pathways from either the 3-or the 2-carbon of serine. To avoid the difficulties due to labeling of the diacyglyceryl portion, most crucial samples of phospholipids were acid hydrolyzed and the radioactivities ofthe released serine or EA base measured separately. To mitigate the labeling of methyl groups, plants were grown in exogenous methionine to repress methionine biosynthesis and cause the plants to accumulate a large pool of soluble methionine which served as a trap for radiaoctive methionine. The results of Table I demonstrate that this maneuver was quite effective, decreasing the flow of label through the pool of soluble methionine by more than 80% (based on the results for protein methionine), and the flow of serine carbons to methylated compounds by approximately 90% (based on the results for the methyl group of pectin methyl ester).
Pathway for Biosynthesis of P-EA As described in the introduction, a possible biosynthetic pathway to P-EA involves the following steps: serine --PtdSerine --PtdEA -* EA --P-EA. In its simplest form, the functioning of this pathway would be expected to result in radioactivity from serine at early times labeling PtdSerine (serine moiety) more strongly than PtdEA (EA moiety), EA and P-EA, taken together; and PtdEA (EA moiety) more strongly than EA and P-EA, taken together. The kinetics of accumulation of radioactivity orginating in serine in these compounds of interest are displayed in Table II (three left columns). The relatively slow accumulation of radioactivity in these compounds made it technically difficult to utilize extremely short labeling periods, and the briefest used was 12 min. The results are not incompatible with the first of the above expectations: The ratio of radioactivity in PtdSerine (serine moiety) to that in PtdEA (EA moiety), EA and P-EA, combined, decreased with labeling time from 0.29 to 0.1 1 to 0.08. The data fit less well with the second expectation: the ratio of radioactivity in PtdEA (EA moiety) to that in EA and P-EA, taken together, increased with time (from 0.13-0.32-0.69), rather than decreased. An unambiguous interpretation ofthese data is not possible, however, because either PtdSerine or PtdEA could be composed of more than one pool, only one of which is labeled and turning over rapidly as it participates in EA synthesis. In animal systems only 0.5 to 2% of membrane PtdEA and 2 to 9% of PtdSerine participates in base exchange (reaction 2) (1, 3, 36 (Table IV) . Thus, it appears that the observed reaction has the potential to readily satisfy the requirement for EA synthesis of the growing plant. Our observations are certainly compatible with this reaction being a simple decarboxylation of serine, itself, to produce free EA. However, we think that the possibility that a more complex reaction sequence involving conversion to PtdSerine and decarboxylation to produce PtdEA has not been completely eliminated as an explanation for our observations. This enzyme system appears to be a promising one for further studies to resolve this uncertainty and to settle whether or not this is indeed the system responsible under physiological conditions for the biosynthesis of EA. Does P-Serine Play a Role in the Synthesis of P-Ea?
We have previously speculated (32) on the possibility that P-EA might be formed by a decarboxylation of P-serine. Several experiments were carried out during the present studies to evaluate this possibility. A search was made for radioactive P-serine in plants labeled with either [G-3H]serine or [3-'4C] serine. Formation of labeled P-serine in such experiments would occur most directly by the action of a serine kinase, an enzyme activity which, to our knowledge, has never been clearly demonstrated. A more general approach was made by searching for radiolabeled P-serine in plants grown in 32p;. No radiolabeled P-serine was detected. Unless a marked isotope fractionation effect occurred (a possibility which cannot be ruled out entirely), the sensitivities of these experiments were such that as little as 2 pmol P-serine/frond would have been detected.
An alternative search for a small, rapidly turning over pool of P-serine inaccessible to serine and used for synthesis of P-EA was made by looking for differential dilution ofthe specific radioactivity ofexogenous [3-'4C]serine as it was incorporated into either protein serine or the EA moiety of PtdEA. Little, if any, such effect was found.
Finally, no significant enzymic decarboxylation of P-serine could be demonstrated by cell-free extracts capable of producing CO2 from the carbon originating as the 1-carbon of serine (Table VI) .
Together, these lines of evidence, while not completely ruling out a role for P-serine in the formation ofP-EA, provide no support for such a function.
Regulation by Cho
We have shown previously that growth of Lemna in Cho brings about a marked, and specific, down-regulation of the rate of methylation of P-EA to P-MEA, the initial step in the pathway to P-Cho, PtdCho, and Cho in this plant. At external concentrations of 1.4 gM Cho, or above, flux through this reaction is decreased by at least 90%. One reflection of this effect is that a greatly diminished proportion of a tracer dose of administered radiolabeled EA accumulates in the network of all methylated derivatives of this compound (33) . As might be expected on the basis of these findings, pregrowth in 3.0
Mm Cho led to a marked decrease in the amount of radiolabel originating in [G-3H]serine and found in P-MEA, P-DMEA, P-Cho, and the corresponding free bases (cf column 4, Table   II , to column 3). The only apparent exception to this pattern ofdecreases in methylated derivatives of P-EA was in PtdCho, which contained almost as much radiolabel in the plants pregrown in Cho as in those grown in standard medium. These samples of PtdCho had not been subjected to acid hydrolysis to separate the Cho moiety from the remainder of the molecule and some, perhaps the major portion, of the radioactivity in PtdCho could have been present in the diacylglyceryl moiety, thus explaining the anomalous failure of radiolabel to decrease in PtdCho while doing so in all other methylated EA derivatives.
In spite of the apparent decrease in P-EA utilization by the plants grown in Cho in the above experiment, such plants did not accumulate more radioactivity in EA derivatives than did control plants. Again, this observation is in agreement with previous indications that in Lemna grown in Cho not only is conversion of P-EA to P-MEA decreased, but so also is the overall rate of formation of EA moieties, so that the concentrations of EA, P-EA, and PtdEA change little, if at all, under these conditions (33) .
Regulation by EA
To search for regulation by EA, plants were pregrown in 300 gM EA. At this concentration there is little effect on growth rate, yet uptake of EA is equal to some 3 nmol/frond. doubling, more than enough to provide the total of approximately 1.2 nmol of EA and its derivatives contained in each frond of plants grown in the standard unsupplemented medium (see Tables III and IV) . These conditions should thus provide an opportunity to realize any potential possessed by Lemna for EA to bring about down-regulation of the rate of synthesis of EA moieties. Indeed, in an initial experiment, it was found that such pregrowth resulted in marked decreases in the amounts of radioactivity originating in [G-3H]serine and found in EA, P-EA, and PtdEA (cf column 5, Table II, to column 3). The effects on methylated derivatives of P-EA were less. The net effect was a decrease in the total radioactivity in all EA derivatives from 3.17% in the control plants to 1 .65% in the plants grown in EA. This decrease would be more striking if the radiolabel in PtdCho were eliminated from these totals on the likelihood (see above) that a substantial portion of such radioactivity was in the non-EA portions of the PtdCho.
An alternative determination of the effect of exogenous EA on the rate of EA synthesis was carried out by means of the isotope dilution method (Table III) . This method avoids errors which probably occurred in the above experiment due to residual conversion of radiolabeled seine carbons to methyl moieties of methylated derivatives of EA. As already pointed out, such conversion was markedly reduced, but not entirely eliminated, by pregrowth in methionine. The results of the isotope dilution experiments show that when EA uptake was less than the total EA content of the unsupplemented plants, synthesis was reduced by almost the same amount as had been taken up, and that when uptake was equal to, or greater than, the total EA content of the unsupplemented plants, synthesis virtually stopped. These findings confirm and extend the evidence from the seine labeling experiment, and indicate that uptake of exogenous EA is a very effective means of regulating the synthesis of this compound. It is of interest that the measurements in Table IV show that over the range of external concentrations of EA at which such down-regulation occurred (5.0-17.5 gM), there was no very striking increase in the tissue concentrations of either EA of P-EA. If either of these is an effector of the down-regulation, the response may be to a sequestered pool rather than to the entire tissue content. Nor (Table VI) did growth in 300 AM EA bring about a marked down-regulation in the rate at which cell-free breis produced CO2 from the carbon originating as the 1-carbon of serine. Clearly, more work will be needed to ascertain the enzymes responsible for EA synthesis and the molecular mechanism(s) regulating this pathway.
